Direct observation of low energy nuclear spin excitations in HoCrO$_3$
  by high resolution neutron spectroscopy by Chatterji, T. et al.
Direct observation of low energy nuclear spin excitations in HoCrO3 by high
resolution neutron spectroscopy
T. Chatterji1, N. Jalarvo2,3, C.M.N. Kumar2,3, Y. Xiao3 and Th. Bru¨ckel3
1Institut Laue-Langevin, 6 rue Joules Horowitz, BP 156, 38042 Grenoble Cedex 9, France
2JCNS Outstation at the Spallation Neutron Source,
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6475, USA
3Ju¨lich Centre for Neutron Science, Forschungszentrum Ju¨lich D-52425 Ju¨lich, Germany
(Dated: October 31, 2018)
We have investigated low energy nuclear spin excitations in strongly correlated electron compound
HoCrO3. We observe clear inelastic peaks at E = 22.18±0.04 µeV in both energy loss and gain sides.
The energy of the inelastic peaks remains constant in the temperature range 1.5 - 40 K at which they
are observed. The intensity of the inelastic peak increases at first with increasing temperature and
then decreases at higher temperatures. The temperature dependence of the energy and intensity of
the inelastic peaks is very unusual compared to that observed in other Nd, Co and V compounds.
Huge quasielastic scattering appears at higher temperatures presumably due to the fluctuating
electronic moments of the Ho ions that get increasingly disordered at higher temperatures.
PACS numbers:
The coupling of the nuclear spin system with the elec-
tronic spin system in condensed matter through hyper-
fine interaction had been known for a rather long time
but recently this phenomenon has attracted renewed in-
terest due to its possible application in spintronics and
quantum computation1,2.
The principle of the method of studying the hyper-
fine interaction by the inelastic neutron scattering is well
known3,4 and will not be repeated. This method can
be used to study the magnetic ordering by measuring
the hyperfine splitting of the nuclear levels for magnetic
materials that contain magnetic atoms with non-zero nu-
clear spins and also having large spin dependent neutron
scattering cross sections.
So far the high resolution inelastic neutron scattering
technique has been used to study hyperfine interaction
in Nd, Co, and V compounds4–14 because their relatively
large spin dependent scattering cross-sections. Ho com-
pounds are also good candidates for such study since
Ho has only one single stable isotope, 165Ho with a nu-
clear spin I = 7/2 and large magnetic dipole moment15
of 4.17µN . The neutron incoherent scattering cross
section16 of 165Ho is 0.36± 0.03 barn. Ehlers et al.17 ob-
served recently nuclear spin excitations in Ho pyrochlore
compound Ho2Ti2O7. Here we report the results of our
high-resolution inelastic neutron scattering investigation
of the strongly correlated electron compound HoCrO3.
Recently rare earth cromites have drawn a considerable
interest for their potential multiferroic behavior and ap-
plication in spintronics. Our present investigation of the
hyperfine interaction shades some light on a new con-
trol parameter, viz. the nuclear spin. The nuclear spin
is coupled to the electric spin through hyperfine inter-
action. The electronic spin is coupled strongly to the
lattice in multiferroic materials and gives rise to ferro-
electric behavior. Thus nuclear spin can be available in
this coupling process leading to the possibility of some
novel application to spintronics and quantum computa-
tions.
HoCrO3 crystallizes with the orthorhombically dis-
torted perovskite structure in the space group D162h −
Pbnm and has four formula units per unit cell. The mag-
netic properties of HoCrO3 have been studied by magne-
tization and neutron diffraction in the second half of the
last century. The exchange coupling between nearest-
neighbor Cr3+ ions is predominantly antiferromagnetic
and these ions order magnetically18–20 below TN ≈ 140
K. Below this temperature HoCrO3 exhibits weak ferro-
magnetic moment20. The magnetic structure of the Cr
sublattice is GzFx
20 in the notation of Koehler et al.21
and Bertaut22. At lower temperature Ho ions order and
due to strong interaction between Cr and Ho moments
spin reorientation phenomena take place23,24.The recent
interest26–30 in HoCrO3 and other rare-earth cromites is
due to the possibility of coupling between the magnetic
and ferroelectric properties leading multiferroic behavior
and their potential device applications.
Polycrystalline HoCrO3 samples were synthesized by
the solid state reaction of Ho2O3(3N) and Cr2O3(4N) in
stoichiometric ratio24. The precursors were mixed inti-
mately and subsquently heat treated at 1100 ◦C for 48
h. The resulting material was then reground and an-
nealed again at 1200 ◦C for 24 h. The phase purity of the
synthesized powder sample was then confirmed by pow-
der X-ray diffraction with CuKα (λ = 1.54059 A˚) radia-
tion, using a Huber X-ray diffractometer (Huber G670)
in transmission Guinier geometry. The powder is then
pressed into pellets and sintered at 1000 ◦C for 10 h for
further magnetic and thermal characterization. Magnetic
measurements were done on pressed-sintered pellets in
a commercial (Quantum Design) superconducting quan-
tum interference device magnetometer (SQUID) in the
temperature range 2 - 300 K. Specific heat measurements
were performed using a physical property measurement
system (Quantum Design) in the temperature rage 0.1
- 290 K. The detailed results of the characterization of
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FIG. 1: Q-integrated energy spectra of HoCrO3 at several
temperatures.
HoCrO3 will be published elsewhere
25.
Inelastic neutron scattering measurements were car-
ried out on the BASIS back-scattering spectrometer31 of
the Spallation Neutron Source (SNS) of the Oak Ridge
National Laboratory in USA. 5.2 g of powder HoCrO3
sample was first evenly distributed inside an Al foil and
then placed inside the annular space of a cylindrical dou-
bled wall Al sample holder. The sample holder filled with
HoCrO3 sample was placed inside the standard
4He cryo-
stat.
Fig. 1 shows the inelastic neutron scattering spectra of
HoCrO3 at several teperatures. At T = 1.5 K two clear
inelastic signals are observed on both energy gain and
loss sides. The average energy of these inelastic signals is
at E = 22.18± 0.04 µeV which is very close to he hyper-
fine splitting 20.68µeV determined from the low temper-
ature specific heat data24. We interpret these inelastic
peaks to be due to the transition of the hyperfine-split
nuclear levels. This energy is also very close to the energy
(26.3 µeV) observed by Ehlers17 et al in the Ho pyroclore
compound Ho2Ti2O7. We have fitted the spectra by the
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FIG. 2: Inelastic peaks of HoCrO3 at T = 1.5, 5, 10, 20, 30
and 40 K at both energy loss and gain sides fitted by convo-
luting instrumental resolution function determined from vana-
dium with two delta functions for the two inelastic peaks, one
delta function for the elastic peak and a Lorentzian function
for the quasielastic scattering. The different components are
shown by continuous curves of different colors.
equation
S(ω) = [xδel(ω) + p1δins(ω) + p2δins(ω) (1)
+p3L(Γ, ω)]⊗R(ω) +B
where delta functions δel and δins represent elastic and
inelastic peaks respectively. The Lorentzian function L
represents the quasielastic component, R(ω) is the ex-
perimentally determined resolution function, B is the flat
background term and x, p1, p2, p3 are scaling factors. Fig.
2 shows the fit of equation (1) to the measured data in
several temperature in the range 1.5 to 40 K. We note
that the energy of inelastic peaks remains almost the
same in the temperature range from 1.5 K to 40 K in
which the inelastic peaks are visible. Fig. 3 shows the
temperature variation of the energy and intensity of the
inelastic peak obtained from the least-squares fit. The
energy of the inelastic peak remains almost constant in
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FIG. 3: Temperature variation of the energy and intensity of
the inelastic peak of HoCrO3. The continuous curves are just
guides to the eye.
the temperature range 1.5 - 40 K and then becomes in-
visible. This temperature variation of the energy of the
nuclear spin excitations is quite different from that of
Nd and Co compounds studied by us but is very sim-
ilar to the Ho compound Ho2Ti2O7 studied by Ehlers
et al.17. For Nd ad Co compounds studied by us the
temperature dependence of the energy of nuclear spin
excitations follows the order parameter of the magnetic
phase transition, i.e., the energy decreases and becomes
zero at the phase transition. The inelastic peaks move
towards the central elastic peak and merge with it at
the magnetic phase transition. It is surprising that the
energy of the inelastic peak does not follow the tempera-
ture dependence of the ordered magnetic moment of Ho
ions deduced from neutron diffraction24. The intensity of
the inelastic peak increases a bit with temperature and
then decreases continuously and becomes very small at
about 40 K. At higher temperatures the inelastic signal
disappears or becomes invisible probably due to the ap-
pearance of huge quasielastic scattering. This behavior is
also very different from the intensity variation observed
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FIG. 4: Quasielastic scattering of HoCrO3 at T = 50, 60
and 100 K fitted by convoluting the instrumental resolution
function with a Lorenzian function.The different components
are shown by continuous curves of different colors.
in the Nd and Co compounds, but is again similar to that
observed by Ehlers et al.17 in Ho2Ti2O7.
Another interesting outcome of the present study is the
discovery of huge quasielastic scattering at higher tem-
peratures. Fig. 4 shows the spectra of HoCrO3 measured
at 50, 60 and 100 K. At these temperatures the inelas-
tic peaks due to hyperfine interaction are not observed.
Strong quasielastic scattering dominates the spectra. We
have fitted the spectra by the equation
S(ω) = [xδel(ω) + p3L(Γ, ω)]⊗R(ω) +B (2)
where the second and the third terms within square
brackets of the previous equation (1) representing the
two inelastic peaks have diappeared. Fig. 5 shows the
temperature variation of the intensity of the quasielastic
scattering and its half-width at half-maximum (HWHM)
of the least squares fit. The Lorentzian width gives the
time scale of fluctuating magnetic moments. We inter-
pret the quasielastic scattering to be due to the fluctu-
ating disordered Ho electronic magnetic moments. The
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FIG. 5: Temperature variation of the energy and intensity
and half-width at half-maximum (HWHM) of the quasielastic
scattering of HoCrO3. The continuous curves are just guides
to the eye.
large electronic magnetic moment of the Ho ions which of
the order of about 10 µB can only give rise to such huge
amount of quasielastic scattering. At low temperature
the intensity of the quasielastic scattering is small be-
cause of the magnetic ordering of the Ho ions. At higher
temperatures the magnetic moments become gradually
disordered and therefore the fluctuations increase. The
decreasing intensity at higher temperature may only in-
dicate that the quasielastic scattering goes out of the
energy window of the instrument and is therefore only
partially integrated. The half-width at half-maximum
(HWHM) decreases at first with increasing temperature
and then increases rapidly at higher temperatures. The
temperature variation of HWHM is not yet quite clear.
Ehlers et al.17 have also observed huge quasielastic scat-
tering in Ho2Ti2O7 and have interpreted it to be due to
the fluctuating electronic moments of the Ho ions but
have not fitted their data.
In conclusion we have observed low energy nuclear spin
excitations in HoCrO3 and have found quite different
temperature dependence of the energy and intensity com-
pared to those of Co and Nd compounds. We have also
observed huge quasielastic scattering due to the fluctuat-
ing electronic moments of the Ho ions that get increas-
ingly disordered at higher temperatures.
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